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IMPROVED BONDING MEANS AND METHODS FOR 
POLYMER COATED DEVICES 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

This invention relates, in general, to means and 
methods for forming bonding regions on electrical devices, 
and more, particularly , to improved structures and 
10 manufacturing processes for forming bonding pad regions on 
electrical devices containing comparatively soft dielectric 
layers, such as polymers, and to improved electrical 
devices utilizing these improved structures and processes. 

15 Background Art 

Electrical devices such as transistors, integrated 
c i rcu i t s , bubb 1 e memories, sensors, and Josephson devices 
make extensive use of dielectric layers for a wide variety 
of functions, for example, as insulating layers, as 
20 structural or chemical buffer layers, as mechanical support 
layers, as planarizing layers, as passivation layers, 
and/or as masking layers. Frequently, a dielectric - f-ilm 
may be required to play several roles at the same time. 
When that is the case, materials well suited for one use 
25 may be less than ideal for another, and a different 
combination of materials or a different structure is 
generally required. This can create problems of increased 
fabri cation complexity. 

An example of this situation occurs in the design of 
30 bubble memories where polymer layers, such as polyimides, 
are used as a buffer layer between the magnetic substrate • 
and the metallic circuit elements which generate and guide 
the magnetic domains in the substrate. If the metal 
conductors are deposited directly on the substrate, large 
.35 differential stresses can be generated wnich adversely 
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relieves this stress and performance is improved. 
Refractory oxides and/or nitrides can provide some stress 
relief, but polymer or other organ i c , f i 1 ms have been found 
to be most effective for this purpose. The organic films 
5 provide another advantage of great utility in that they 
also act as planarizing layers, that is, they help to 
smooth out surface irregularities which are frequently 
present. Organic dielectrics are particularly suitable as 
stress relief and planarizing layers because they are 

10 comparatively soft and flexible. Unfortunately, these same 
characteristics make them poor surfaces for supporting the 
metal bonding pads which must be provided for attachment of 
external lead wires. Thus, in device structures (e.g. 
bubble memories, integrated circuits, sensors, discrete 

15 devices, Josepheson devices, and the like) where organic 
polymer layers are used to support metallic bonding pads, 
there is reduced bonding yield and bond strength. This 
increases costs and reduces reliability. 

Accordingly, it is desirable that the bonding pads 

20 rest on a portion of the device which Is net supported by 
the comparatively soft organic layer. Where multiple 
conductor layers are utilized, separated by dielectric 
interlayers, the problem of providing a comparatively rigid 
support for the bonding pads becomes more complex. In the 

25 prior art, firmly supported bonding pads have been achieved 
by adding additional process steps so that the portions of 
the metal conductors to be used for bonding are formed 
directly on the harder substrate, while the other portions 
can be formed on the softer organic layers. Adding process 

30 steps reduces the manufacturing yield and increases the 
cost of fabrication, above what would otherwise be 
required. Thus, a need continues to exist for improved 
means and methods for providing improved, fi rml y support ed , 
bonding pads on electrical devices in which comparatively 

35 so ft nrnanir diplort-r^ i v., ^ * u * *- - 
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Accordingly it is an object of the present invention 
to provide an improved electrical device having at least 
one conductor layer resting on an organic dielectric layer, 
and adapted to use multiple conductor layers separated by 
5 one or more interlayer dielectrics, and wherein one or more 
bonding pad regions are situated on and firmly supported by 
the substrate so as to provide improved bonding 
characteristics, and wherein the bonding pad regions are 
electrically connected to at least one conductor layer, 
10 It is an additional object of the present invention to 

provide the above described improved device^ wherein the 
bonding pad regions and the electrical connections between 
the bonding pad regions and the at least one conductor 
layer lie external to the organic stress relief layer and 
15 the optional interlayer dielectric, 

[t is a further object of the present invention to 
provide the aoo ve 'descri bed improved device utilizing a 
polymer, optionally a polyimide, as the organic dielectric 
and, optionally, utilizing a substrate having an insulating 
20 region underlying the bonding region, 

[t is an additional object of the present invention to 
provide an improved process for fabricating the above 
described electrical device structure without adding 
additional process steps, 

25 

SUMMARY OF THE INVENTION . 

In a first embodiment of the invention, an improved 
electrical device is provided comprising a substrate and at 

30 least one conductor layer overlying and substantially 

separated from the substrate by a first dielectric layer 
softer than the substrate, at least one additional 
dielectric layer overlying and covering a portion of the 
conductor layer, and a metallic conductor adapted for 

3 5 bonding; wherein the metallic conductor adapted for bonding 
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conductor layers and extends to and rests on the substrate 
to provide a bonding pad region supported directly by the 
substrate, and wherein the metallic conductor adapted for 
bonding is substantially externa! to both the first 
5 dielectric layer and any additional dielectric layer or 
layers which lie between conductor layers. A substrate 
having a refractory insulating region underlying the 
bonding region is optionally utilized. 

In a second embodiment of the invention, the improved 

10 'electronic device described above is provided wherein the 
first dielectric is an organic layer, preferably a polymer, 
further, wherein the add i t i ona 1 dielectric layers are also 
polymers, preferably but not only a polyimide. 

In a third embodiment of the invention, an improved 

15 process for fabricating an electrical device structure on a 
substrate is provided, comprising; forming a dielectric 
layer on the substrate; forming a first conductor on a 
■ portion of the first dielectric layer, the first conductor 
having a contact region and a device region; forming a 

20 second dielectric layer on at least a portion of the first 
conductor; removing the second d i el ec t r i c 1 ay er from the 
contact region to substantially expose the contact region; 
removing the first and second dielectric layers from a 
portion of the substrate to expose the portion of the 

25 substrate; ■ applying a metallic conductor which contacts and 
interconnects the exposed portion of the substrate and the 
contact region; and providing on the exposed portion of the 
substrate and directly supported thereby, a portion of the 
metallic conductor adapted to bonding. 

30 In a fourth embodiment of the invention, the above 

described improved process is provided, further comprising, 
prior to the removing steps, preparing a second conductor 
Ofi a port i on of : the second dielectric layer, wherein the 
second conductor includes a contact portion, and the 

3 5 metallic conductor contacts the contact oortinn of the 
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first conductor, and wherein the contact portion of the 
second conductor overhangs the first conductor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

FIG. 1 is a simplified cross-section of a portion of 
an electronic device structure, according to the prior art, 
utilizing an organic stress relief layer between the 
substrate and a first conductor layer, and having a bonding 
10 pad region conaected to the first conductor layer, and 
supported by the org-anic stress relief layer. 

FIGS. 2A-E are simplified c ros s - s ec t i o ns of a portion 
of a prior art device during various stages of manufacture, 
and with an alternate conductor arrangement so that the 
15 bonding pad region is supported by the substrate. 

FIGS. 3A-D are slmp.l i fi ed -cross-sect i oris of a portion 
of a device structure of the present invention during 
various stages of manufacture. 

FIGS. 4A-E are simplified cross -sect i ons of a portion 
20 of a device structure of the present invention during 

various stages of manufacture, and according to a further 
embod iment . 

DETAILED DESCRIPTION OF THE DRAWINGS 

25 

FIG. 1 shows portion 10 of an electronic device 
structure of the prior art, comprising substrate 11, 
dielectric stress relief or isolation layer 12, first 
conductor layer 13, dielectric interlayer 14, second 

30 conductor layer 15, and passivation layer or protective 
coating 16. Conductor 13 has portion 13a on which a 
bonding pad is to be formed, and portion 13b which 
comprises or connects to an active region responsible for 
device action. No particular active regions are shown in 

35 device portion 10. Conductor 17 is formed with bonding pad 
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3. Bonding wire 18a is attached to bonding pad portion 
17a by bond 13b, Bonding pad portion 17a overlies portion 
13a of conductor 13, which rests on portion 12a of stress 
relief layer 12 covering portion 11a of substrate 11. The 
5 structure of FIG. 1 has the drawback that bonding pad 
portion 17a is supported by stress relief layer 12 in 
region 12a. Thus, when a comparatively soft organic 
material is used for layer 12, poor bonding stength and 
bonding yield result. It will be recognized by those of 

10 skill in the art that conductors 13, 15, and 17 can be of 
the same or different materials, provided that layer 17 is 
suitable for bonding. 

FIG. 2E, also formed according to the prior art, siiows 
electronic device portion 20 comprising substrate 21, 

15 comparati vity soft stress relief or isolation layer 22, 

first conductor layer 23, inter! ayer dielectric 24, second 
conductor layer 25, passivation or protective layer 26, and 
bonding layer 27. First conductor layer 23 has contact 
portion 23a which makes contact to bonding layer 27 in 

20 region 27a, and active portion 23b which comprises or 
connects to active regions of device portion 20* No 
particular active regions are shown in device portion 20. 
Bonding pad portion 27a of bonding layer 27 rests on 
contact portion 23a of first conductor layer 23 which 

25 rests in turn on portion 21a of substrate 21. Bonding wire 
28a is attached to bonding layer 27 by bond 28b on bonding 
pad portion 27a. The device configuration of FIG. 2E 
permits bonding pad portion 27a to be supported by more 
rigid substrate 21 through first conductor layer 23. Thus, 

3Q to the extent that conductor layer 23 of FIG. 2E is harder 
or less resilient than organic isolation layer 12 of 
FIG. 1, as is usually the case, then the bonding character- 
istics of the structure of FIG. 2E are improved relative to 
the structure of FIG. 1. However, as will be readily 

35 apparent tot hose n f <; M 11 -» * + -» - + * * ~ - *■ - <• 
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structure of FIG. 1. Thus the manufacturing cost is 
undesirably increased* 

The masking sequence to arrive at the structure of 
FIG. 2E is shown schematically in FIGS. ZA-E. In FIG. 2A, 
5 substrate 21 is coated with dielectric stress relief or 
isolation layer 22, and portion 22a of layer 22 is removed 
by methods well known in the art utilizing a first mask 
pattern. First conductor layer 23 is then applied and 
etched using a second mask pattern to give conductor 23.a-b 
10 shown in FIG. 2B. Methods for applying and patterning 
conductor layers are well known in the art. 

Dielectric interlayer 24 is then applied (FIG. 2C) 
over layer 22 and conductor 23a-b, and second conductor 
layer 25 is applied and patterned using a third mask. 
15 Layer 24 and conductor 25 are covered by passivation or 

protective layer 26. In FIG. 2D, a fourth mask is used to 
open access hole 29 in layers 24 and 26, exposing contact 
portion 23a of layer 23. Bonding layer 27 is then applied 
and patterned (FIG. 2E) using a fifth mask to give bonding 
20 pad portion 27a covering contact portion 23a of layer 23. 
Methods for forming layers 22-27 and patterning layers 
22-27 are well known in the art. Bonding wire 28a is 
attached by bond 28b to bonding pad portion 27a of bonding 
layer 27. Tli ermo -compres s i on or ultrasonic bonding -may be 
25 used. Five masking layers are required to form this prior 
art structure. 

The method of formation and structure of a first 
embodiment of the present invention is shown in FIGS. 3A-D. 
In FIG. 3A, substrate 31 has formed thereon stress relief 
30 and/or dielectric isolation layer 32. Substrate 31 may be 
a conductor, a semiconductor, an insulator or a combination 
thereof depending on the desired device function. First 
conductor layer 33 is applied and patterned into conductor 
33a-b using a first mask layer. Conductor layer 33 has 
35 contact portion 33a, and active portion 33b which comprises 
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particular active regions are shown in device portion 30 of 
FIGS. 3A-D- The active regions are not important to the 
present invention. The composition of the material of 
first conductor layer 33 will depend upon the device 
5 function desired to be performed, and is readily chosen by 
one of skill in the art once the device function is 
defined. 

In FIG. 3B, interlayer dielectric 34 is applied 
without masking to cover first conductor 33a-b. A second 

10 conductor layer is formed thereon and patterned, using a 
second mask, to give conductor 35. Passivation or 
protective layer 36 is optionally applied. In FIG. 3C, 
opening 39 is formed, using a third mask, to expose both 
contact portion 33a of first conductor layer 33 and support 

15 portion 31a of substrate 31- It is convenient that 

portions 31a and 33a be adjacent to reduce the number of 
large steps, i.e. regions of different height, that must be 
covered by layer 37 between portions 33a and 31a. Bonding 
layer 37 is then applied and patterned in FIG. 30 using a 

20 fourth mask. Bonding layer 37 has bonding pad portion 37a 
which is directly supported by portion 31a of substrate 31, 
and contact portion 37b which is electrically connected to 
contact portion 33a of conductor layer 33. Bonding wire 
38a is connected to bonding pad portion 37a of bonding 

25 layer 37 by bond 33b. Four masking steps are required to 
fabricate the structure of FIG. 3D. It will be readily 
apparent that bonding layer 37 lies external to layer 32 
and layer 34 and rests directly on substrate 31. 

The present invention provides the desired result of 

30 locating the Donding pad directly on the comparatively 

rigid substrate, and in one less manuf actu ri ng st ep . Other 
things being equal, the manufacturing cost to fabricate the 
device structure of FIG. 3D will be reduced by the ratio 
4/5 as compared to the prior art device of FIG. 2E. The 



WO 83/03943 



PCT/US83/00472 



• -9- 

without the Tatter's deficiency of having the bonding pad 
region supported by the comparatively soft dielectric 
stress relief layer. Hence, the method and structure of 
the present invention i 1 1 ustrated in FIGS* 3A-D, is 
5 particularly advantageous when dielectric layer 32 and/or 
interlayer dielectric layer 34 are formed from a 
comparatively soft organic material. 

The process described above is applied to the 
construction of magnetic bubble memory devices of improved 
10 characteristics. Substrate 31 is a magnetic garnet, and 
stress relief layer 32 is formed from a polyimide. Type 
P I - 25 5 5 polyimide supplied by E.I. QuPont, Inc., 
Wilmington, Delaware, is found to give satisfactory 
results- Polyimide layer 32 is formed by diluting the 
15 polyimide in N-Methyl -2-Pyrrol i done solvent in the ratio 

80-25* solvent to 20-75% polyimide by volume, and placing a 
drop of the mixture on the surface of the substrate which 
is then spun at high speed. Excess material is 
automatically thrown off the edge- Layer thicknesses in 
20 the range 0.03 to LO pin are obtained with 0.1 urn being 
convenient. The layers are typically baked at 350°C for 
120. minutes . in an inert ambient. Other polymers and 
solvents are also useful. Techniques for applying such 
layers are well known in the art. Conductors 35 and 33a-b 
25 are formed, for example, from an alloy of Ni~Fe and a 

sandwich structure of Cr/Cu/Cr respectively. Bonding layer 
37 is formed typically from a sandwich structure of Cr/Au, 
with the Au outermost to provide a surface adapted for 
bonding. Interlayer dielectric 34 and protective layer 36 
30 are also formed from polyimide, following substantially the 
same procedure as described for layer 32. Methods for 
forming dielectric layers 32, 34, and 36, and conductor 
layers 33, 35, and 37 are well known in the art. Conductor 
layers 33 and 35 may be formed from metals, semiconductors, 
35 semi-metals, or a combination thereof. Bonding layer 37 

^ u„ ^1 cti^aKlo "fnV hnndinn f.vnicallv a 
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metal. Aluminum and gold are common examples of materials 
known to be suitable for bonding, but others are also 
useful , 

Bubble memories made using the above materials, and 
5 the method and structure of FIGS. 3A-D, were equivalent to 
comparable structures built as in FIG. 1, in terms of the 
improved memory performance resulting from the use of an 
organic stress relief layer, i.e. layer 12 of FIG. 1 and 
layer 32 of FIG. 3D, but gave improved bonding yield and 

10 bond reliability relative to the prior art stucture of 

FIG. 1. Bubble memories made according to the method and 
structure of FIGS. 3A-D gave equivalent performance to 
those having the structure of FIG. 2D using the same 
materials, but gave higher yield and lower manufacuring 

15 cost, due to the elimination of the additional masking step 
required in the prior art process of FIGS. 2A-E. 

FIGS. 4A-E show an alternative embodiment of the 
present invention in which bonding layer 47 contacts second 
conductor layer 45, and in which substrate 41 includes a 

20 semiconductor device or a portion of an integrated circuit. 
In FIG. 4A, device portion 40 has substrate 41 including 
emitter region 41a, base region 41b, co 1 1 ector region 41c, 
and optional isolation diffusion region 41d. Regions 41a-d 
have been previously prepared by methods well known in the 

25 art. Substrate 41 is covered with refractory dielectric 
layer 41g and organic layer 42, typically a polyimide. 
Openings 51-52 are provided in layers 41g and 42 to permit 
contact to emitter contact region 41e and base contact 
region 41f. Methods for applying and patterning layers 41g 

30 and 42 are well known in the art. 

In FIG. 4B, first conductor layer 43 is applied on 
layer 42 and patterned into conductor portions 43a-b, to 
contact, respectively, base contact region 41f and emitter 
contact region 41e. First conductor porti ons 43a-b are 

35 covered (FIG. 3C) by interlayer dielectric 44 and ^mnH 
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into connected portions 45a~b. Passivation or protective 
layer 46 covers interlayer dielectric 44 and second 
conductor layer portions 45a-b. Methods for forming layers 
44-46 and patterning layer 45 are well known in the art. 
5 An organic polymer, such as a polyimide can be 

conveniently, but not exclusively used for layers 44 and/or 
46. 

In FIG. 4D opening 49 is cut through layers 45 and 44 
using an additional masking step. Contact portion 45a of 
10 second conductor layer 45 is exposed* Portion 41h of 

refractory dielectric layer 41g, resting on portion 4 Id of 
substrate 41 is also exposed. Methods for forming opening 
49 are well known in the art. Bonding layer 47 is then 
applied (FIG. 4E) and patterned to form bonding pad portion 
15 47a and contact portion 47b, Bonding pad portion 47a rests 
on portion 4 1 h of refractory dielectric Layer 41g. Contact 
portion 47b is el ectri cal ly connected to second conductor 
layer portion 45a, Bonding wire 48a is attached to bonding 
pad portion 47a by bond 48b. Refractory dielectric 4 Ig is 
20 provided to permit bonding pad portion 47a to be rigidly 

supported by, but electrically insulated from semiconductor 
substrate portion 41d. Where bonding pad portion 47a is 
desired to make electrical contact to semiconductor 
substrate portion 41 d, portion 4 1 h or all of layer 4 1 g can 
25 be omitted. Bonding layer 47 need not be entirely external 
to passivation layer 46, but must be external to layers 42 
and 44. For the purposes of this invention, refractory 
dielectric layer 4 1 g can be considered as being an integral 
part of substrate 41. Contact portion 45a of second 
30 conductor layer 45 must extend beyond, i.e. overhang, first 
conductor layer portions 43a-b where it is desired that 
bonding layer 47 contact only second layer 45, that is, not 
short portions 45a and 43b together. The present invention 
is not restricted to the particular semiconductor device 
35 structures shown. 
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It will be apparent to those of skill in the art that 
the method and structures described above provide an 3 
improved electronic device configuration wherein organic 
layers may be used, underlying one or more conductor 
5 layers, without interfering with the ability to provide 
bonding layers having bonding pad regions directly 
supported by the substrate or a comparatively hard 
refractory dielectric or other material layer lying on the 
substrate, and further that the invented structure can be 

10 fabricated by the same number of process steps required for 
structures in which the bonding pads rest directly on a 
comparatively softer organic layer, and in. fewer process 
steps than the prior art structures which place the bonding 
regions directly on the substrate- It will also be 

15 apparent to those of skill in trie art that the improved 

structures permit improved device performance by virtue of 
the use of polymer layers therein, particularly polyiinides, 
without suffering a degradat i on i n bonding properties and 
bond reliability. It will* be further apparent that the 

20 improved process and structure reduce the manufacturing 

costs relative to the prior art process and structures ,' by 
virtue of improved yield and fewer process steps compared 
to the prior art, for the same or improved device 
performance. 

25 Those of skill in the art will also recognize that 

variations can be made on the process and structure of this 
invention without departing from the spirit and scope 
thereof. In particular, although the invention has been 
illustrated for substrates suitable for bubble memories or 

30 semiconductor devices and circuits, many different 
substrates can be used and similar results obtained 
provided that the substrates are comparatively harder than 
the organic layer or layers used in the device structure* 
It will be readily apparent, that metals, semiconductors, 

35 dielectrics, combinations thereof , and/or nthpr 
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surface of the substrate adjacent to and/or underlying the 
bonding pad region without altering the essential elements 
of this invention* As used herein, the word "substrate" is 
intended to include such variations and complex structures, 
5 It will also be readily apparent that many different types 
of devices can use the process and structure of the present 
invention to obtain improved electrical and/or bonding 
performance at lower cost, for example, discrete devices, 
integrated circuits, sensors, Josephs on devices, thin film 

10 resistors and capacitors, opto-el ectronic devices, acoustic 
devices, and the like. Further, it will be readily 
apparent that the present invention is useful wherever the 
substrate surface which is to support the bonding pad 
region is harder and/or less resilient than at least one of 

15 the superposed dielectric layers on which conductors are 
placed, irrespective of the material composition. 
Accordingly, it is intended to encompass all such 
variations. 
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C1 a i ms 

1. In an electrical device having a substrate and at 
least one conductor layer overlying and separated from said 

5 substrate by a first dielectric, and a second dielectric 
overlying and covering a portion of said at least one 
conductor layer, wherein said first and second dielectrics 
are polymers, the improvement characterized by: 

a metallic conductor adapted for bonding, in contact 
10 with a portion of said at least one conductor layer and 
extending to and resting on said substrate, to provide a 
bonding region resting directly on said substrate, and 
wherein said metallic conductor is substantially external 
to said both said first and second dielectrics. 

15 

2. In an electronic device structure having a substrate, 
an organic layer on said substrate, a first conductor on a 
first portion of said organic layer, a dielectric 
interlayer on said first conductor, a second conductor on 

20 said dielectric interlayer, said second conductor not 

overlying a contact portion of said first conductor, the 

i mp ro vetnent characterized by: 

a third conductor adapted for bonding, formed in 

contact with said contact portion of said first conduct or , 
25 lying external to said organic layer and said ■ dlel ectric 

interlayer, and extending to said substrate to provide a 

bonding pad on said substrate. 

3. An electric device structure on a substrate, 
30 comprising: 

a first dielectric layer on a first portion of said 
substrate; 

a first conductor on a portion of said first 
diel ectric 1 ayer; 
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a second conductor on at least a portion of said 
second dielectric layer, and having a first portion 
suitable for contact; 

a third conductor, adapted for bonding, contacting 
5 said first portion of said second conductor, and extendir 
to said substrate to provide a bonding pad on said 
sub st rate. 

4. The device structure of claim 3 wherein said third 
10 conductor lies external to all said dielectric layers, 

5. The device structure of claim 4 wherein said first 
portion of said second conductor extends laterally beyond 
said first conductor so as to be in overhanging relation 

15 said first conductor. 

6. A process for fabricating an electrical device 
structure on a substrate, characterized by: 

forming a first dielectric layer on said substrate; 
20 forming a first conductor on a portion of said first 

dielectric layer, said first conductor having a contact 
region and a device region; 

forming a second dielectric layer on at least a 
portion. of said first conductor; 
25 removing said second dielectric layer from said 

contact region of said first conductor; 

removing said first and second dielectric layers from 
a portion of said substrate to expose said portion of said 
substrate; 

30 applying a bonding conductor which contacts and 

interconnects said exposed portion of said substrate and 
said contact region of said first conductor and lies 
external to said first and second dielectric layers; 

providing on said exposed portion of said substrate. 

35 and di rectly supported thereby, a portion of said bonding 
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7. The process of claim 6 further comprising, prior to 
said removing steps, preparing a second conductor on a 
portion of said second dielectric layer, said second 
conductor not overlying said contact region of said first 
5 conductor, 

8* A process for fabricating an electrical device 
structure on a substrate, characterized by: 

forming a first dielectric layer on said substrate: 
10 forming a first conductor on a portion of said first 

diel ect ri c 1 ay er ; 

forming a second dielectric layer on at least a 
portion of said first conductor; 

forming a second conductor on a portion of said second 
15 dielectric layer, said second conductor ha vi ng— a- contact 
portion and a non-contact portion; 

forming a third dielectric layer on said non-contact 
portion of said second conductor; 

forming a third conductor, adapted for bonding, 
20 connected to said contact portion of said second conductor 
layer and extending to said substrate to provide thereon a 
bonding pad directly supported by said substrate. 

9. The process of claim 3 further comprising locating 
25 said third conductor external to said first, second, and 
third dielectric layers, and overhanging said contact 
portion of said second conductor beyond an edge of said 
first conductor. 

30 10. The process of claim 6 or 8 wherein at least one of 
said dielectric layers comprises a polyimide. 
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